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ABSTRACT 

C a l c u l a t i o n s  show t h a t  t h e  ALSEP can  b e  deployed  

80 ft from t h e  LM w i t h o u t  e x p e r i e n c i n g  a s i g n i f i c a n t  aerodynamic 

h e a t i n g  e f f e c t  or r e c e i v i n g  d e t r i m e n t a l  e x h a u s t  gas p r e s s u r e .  

These  c a l c u l a t i o n s  are  c o n s e r v a t i v e  i n  t h a t  t h e  ALSEP i s  assumed 

t o  b e  d i r e c t l y  impinged by t h e  main s t r e a m  o f  t h e  a s c e n t  e n g i n e  

e x h a u s t  g a s .  

d i s t a n c e  f o r  t h e  ALSEP deployment c o n s i d e r a b l y  l e s s  t h a n  80 ft 

from t h e  LM. 

A more r e a l i s t i c  c a l c u l a t i o n  would g i v e  a sa fe  
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Recen t ly  a q u e s t i o n  was r a i sed  conce rn ing  t h e  d i s t a n c e  
from t h e  LM a t  which an  ALSEP may b e  dep loyed  w i t h o u t  e x p e r i e n c i n g  
d e t r i m e n t a l  h e a t i n g  or p r e s s u r e  e f f e c t s  f rom t h e  a s c e n t - e n g i n e  
g a s  impingement.  

T h i s  d i s t a n c e ,  nominal ly  assumed t o  b e  300 f t ,  i s  
c r i t i c a l  on an e a r l y  m i s s i o n  where a s t r o n a u t  EVA may b e  
r e s t r i c t e d .  One s t u d y  ( R e f .  1) i n d i c a t e d  t h a t  t h e  ALSEP would 
have t o  be deployed  500 f t  away i n  o r d e r  n o t  t o  be  unduly 
hea ted .  The a u t h o r  has made c a l c u l a t i o n s  and found t h a t  t h e  
ALSEP can be deployed  80 f t  from t h e  LM w i t h o u t  e x p e r i e n c i n g  
a s i g n i f i c a n t  aerodynamic h e a t i n g  e f f e c t  or r e c e i v i n g  d e t r i -  
m e n t a l  g a s  p r e s s u r e .  Dust accumula t ion  on t h e  ALSEP i s  n o t  
c o n s i d e r e d  here .  These c a l c u l a t i o n s  a r e  c o n s e r v a t i v e  i n  t h a t  
t h e  ALSEP i s  assumed t o  b e  d i r e c t l y  impinged by t h e  main s t r e a m  
of  t h e  a s c e n t  e n g i n e  e x h a u s t  g a s .  I n  t h e  a c t u a l  m i s s i o n ,  t h e  
main j e t  s t r e a m  impinges  d i r e c t l y  on t h e  LM d e s c e n t  s t a g e  and 
i s  t h e n  d e f l e c t e d  h o r i z o n t a l l y  a l o n g  t h e  l u n a r  s u r f a c e .  The 
g a s  expans ion  outward a l o n g  the  l u n a r  s u r f a c e  i s  c o n s i d e r a b l y  
l a r g e r  t h a n  t h e  expans ion  d i r e c t l y  a l o n g  t h e  c e n t e r l i n e  o f  t h e  
main stream. A more r e a l i s t i c  c a l c u l a t i o n  would g i v e  a sa fe  
d i s t a n c e  for t h e  ALSEP deployment c o n s i d e r a b l y  l e s s  t h a n  80 f t  
from t h e  LM. 

The f o l l o w i n g  computa t ions  show how t h e  above c o n c l u s i o n  
i s  d e r i v e d .  

1. Cons ide r  an a d i a b a t i c  e x p a n s i o n  of  t h e  e x h a u s t  
gas  i n  t h e  vacuum. The Mach number of  a f r e e  
expanding  j e t  a long  t h e  c e n t e r l i n e  of  t h e  
stream i s  g i v e n  by (Ref .  2 ) ,  

where A i s  a c o n s t a n t  which depends on t h e  r a t i o  
o f  s p e c i f i c  h e a t s ,  y ,  L i s  t h e  d i s t a n c e  from t h e  
e n g i n e  t o  t h e  p o i n t  o f  i n t e r e s t ,  and d i s  t h e  
d i a m e t e r  of  t h e  LM a s c e n t  e n g i n e  o r i f i c e .  



BELLCOMM, INC. - 2 -  

2 .  Once t h e  Mach numbers a r e  known a l o n g  t h e  
stream l i n e ,  one can e a s i l y  compute t e m p e r a t u r e s ,  
p r e s s u r e s ,  d e n s i t i e s  and  v e l o c i t i e s  o f  t h e  
a d i a b a t i c a l l y  expanding  g a s  w i t h  t h e  w e l l  known 
e q u a t i o n s  g i v e n  by ( R e f .  3 ) ,  

-1 -1 2 - =  ( 1 + % M )  
T C  

J 

where T c ,  p, and p c  a re  t h e  chamber t e m p e r a t u r e ,  
p r e s s u r e ,  and d e n s i t y ,  r e s p e c t i v e l y ,  and a _  i s  t h e  

L 

speed o f  sound i n  t h e  gas i n  t h e  chamber which i s  
g i v e n  by q. 

3 .  The r e s u l t s  o f  t h e  computa t ion  o f  t e m p e r a t u r e s  
p r e s s u r e s  v s .  deployment d i s t a n c e  a re  p l o t t e d  
i n  t h e  a t t a c h e d  f i g u r e  f o r  t h e  LM a s c e n t  e n g i n e  h a v i n g  
t h e  f o l l o w i n g  c h a r a c t e r i s t i c s  (Ref .  4 ) :  

and 

Tc = 5,lOO.OR 
4 

pc = 1.73~10 l b / f t 2  

Y = 1 . 2 3 2  

A = 3 . 9 6  

d = 2.71 f t .  
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A s  shown i n  t h e  a t t a c h e d  f i g u r e ,  t h e  g a s  t e m p e r a t u r e  
a t  80 f t  away i s  on ly  abou t  580°R ( a b o u t  12O0F) which i s  
abou t  t he  same as the  nominal  day t ime  ALSEP s u r f a c e  t e m p e r a t u r e .  
The c o n v e c t i v e  heat  t r a n s f e r  between t h e  g a s  and t h e  ALSEP 
i s  g i v e n  by ,  

= cpVAT, qconv 

where c i s  t h e  heat  t r a n s f e r  c o e f f i c i e n t ,  which i s  on ly  
a f e w  p e r  c e n t  i n  most c a s e s ,  P i s  t h e  expand ing  g a s  d e n s i t y  - 
which i s  abou t  2.4x10- '  l b / f t 3  a t  t h e  d i s t a n c e  o f  80 f t ,  V 
i s  t h e  g a s  v e l o c i t y  which i s  abou t  l o 4  f t / s e c  ( f u l l y  expanded 
g a s  v e l o c i t y )  and AT i s  t h e  t e m p e r a t u r e  d i f f e r e n c e  between 
t h e  gas and t h e  ALSEP s u r f a c e  which i s  a t  most i n  t h e  o r d e r  
o f  t e n s  o f  d e g r e e s  a t  t h e  p o i n t  o f  i n t e r e s t .  It i s  c l e a r  from 
t h e  above computa t ion ,  t h a t  t h e  maximum h e a t  t r a n s f e r  r a t e  from t h e  

gas t o  t h e  ALSEP i s  no  more t h a n  
i n d i c a t e s  no conce rnab le  amount of  aerodynamic h e a t i n g  e f f e c t  
on t h e  ALSEP i s  e x p e c t e d .  

S i m i l a r l y ,  t h e  g a s  p r e s s u r e  a t  80 f t  from t h e  LM i s  
n o t  s i g n i f i c a n t ,  b e i n g  ~ 0 . 2  l b s / f t 2  o r  ~ . 8  l b s  f o r  t h e  ALSEP 
c e n t r a l  s t a t i o n .  Cont rary  t o  t h e  q u e s t i o n  r a i sed  by o t h e r s  
( R e f .  11, a s m a l l  amount of  c o o l i n g  e f f e c t  on t h e  ALSEP due 
t o  t h e  expanding  c o l d  g a s  might t a k e  p l a c e  when t h e  ALSEP i s  
dep loyed  o v e r  80 f t  from t h e  LM. The a p p a r e n t  e r r o r  i n  
Refere ,nce 1 was t h a t  t h e y  d i d  n o t  t a k e  i n t o  c o n s i d e r a t i o n  t h e  
a d i a b a t i c  c o o l i n g  of t h e  expanding g a s .  

B t u / f t  2 - sec  which 

I n  w r i t i n g  t h i s  memorandum, t h e  a u t h o r  b e n e f i t e d  
g r e a t l y  from s t i m u l a t i n g  d i s c u s s i o n s  w i t h  C .  Wang c o n c e r n i n g  
t h e  j e t  expans ion  i n  vacuum. 

2015-GKC-kse 
4* K ccrv 
G .  K .  Chang 

At t a c  hmen t s 
Refe rences  
F i g u r e  1 
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